Heteroepitaxial growth of SiC on n-Si(111) substrates is performed by a low pressure chemical vapor deposition process. The effects of different carbonized temperature and carbonized time on the crystalline quality and the residual strain of 3C-SiC films are discussed. The results show that the residual strain is obviously reduced and the crystalline quality is greatly improved at the best carbonized temperature of 1000 ∘ C and the carbonized time of 5 min. Under these optimized carbonization conditions, thick epitaxial films of about 15 m with good crystalline quality and low residual strain can be obtained. : 61. 82. Fk, 81. 15. Gh It is well known that 3C-SiC has advanced electrical properties such as high low-field electron mobility and high saturated electron drift velocity.
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It is well known that 3C-SiC has advanced electrical properties such as high low-field electron mobility and high saturated electron drift velocity. [1, 2] Attractively, 3C-SiC epilayer grown on Si substrates can greatly reduce the manufacture cost in comparison to the growth on SiC substrates. [3] There are two basic reasons that block the development of 3C-SiC epilayer grown on Si substrates, i.e., the lattice mismatch and the difference in thermal expansion coefficients between the epilayer and the substrate. These will produce a large residual strain, which bends the silicon wafer and results in a poor crystallographic structure. [4] Several attempts have been made to reduce the sample strain, [5−8] and some of them have succeeded. Ferro et al. have successfully obtained a 12-µm-thick epitaxial layer grown on a bow-like Si 0.94 Ge 0.06 substrate of about 120 µm/2 inch, Zielinski et al. have produced a bow-like 2.6-µm-thick epitaxial layer of about 20 µm/2 inch by adjusting proper growth conditions. However, there has been no systemic investigation into the influence of the carbonized step condition on the final wafer bending and crystallinity, which is studied in this Letter.
As we know, the residual strain field determines the final wafer bow in a 3C-SiC/Si system and it is affected by two opposite factors: one is thermoelastic strain which comes from the difference between thermal expansion coefficients of the film and the substrate. It appears during the cooling sequence. Since SiC > Si , the thermoelastic strain in any 3C-SiC film on Si is always of tensile ( > 0). The other one is the mismatched strain contribution which comes from the lattice mismatch between the layer and wafer. In the case of 3C-SiC/Si, the super-cell made of five elementary SiC cells is larger than that made of four silicon cells, i.e., the ratio 5 SiC /4 Si ≈ 1. Thus the intrinsic mismatch strain is always compressive ( < 0). Since the two intrinsic contributions have opposite effects, it is possible to control the growth obtaining good wafer. To a heteroepitaxial growth with the buffer layer produced by the carbonized method, the differences of thermal expansion coefficients and the lattice mismatch begin from the carbonized step. Therefore, it is valuable to investigate the effects of different carbonized temperatures and the time of carbonization on the final residual strain and the crystallinity of 3C-SiC films.
Firstly, 3 µm 3C-SiC layers were grown for 1 h. Meanwhile, in order to find the best carbonized temperature, the carbonized time was kept at a constant of 5 min and the carbonized temperature were modified from 950 ∘ C to 1150 ∘ C with the temperature steps of 50 ∘ C Then, the carbonized temperature was kept constant in the best condition and the carbonized time was adjusted from 1 min to 7 min. Lastly, about 15-µm-thick 3C-SiC layers for the growth time 5 h with good crystalline quality and low residual strain were obtained under optimized carbonized conditions.
All the 3C-SiC samples were grown in a horizontal low pressure hot wall CVD reactor based on substrates with 2-inch diameter, 360 µm thickness, and exact (111) Si wafers. The growth precursors were silane (SiH 4 ) and propane (C 3 H 8 ). Purified hydrogen was used as the vector gas. The H 2 flow was fixed at 20 slm and the pressure at 97 mbar. The growth step was the same for all the samples with the same temperature and the same gas flux. The growth tem-perature was 1200 ∘ C the silane flux and propane flux were 15 sccm and 30 sccm respectively. The growth rate was about 3 µm/h.
The crystalline quality of the 3C-SiC was analyzed by high resolution x-ray diffraction. The curvature of the sample was measured by an optical profilometry. When the curvature of the sample is lower, the residual strain is lower. The surface and cross-sectional morphology were demonstrated by scanning electron microscopy. The results of curvature profiles and XRD of 3 µm 3C-SiC layers are shown in Figs. 1 and 2 . The wafer curvature at different carbonized temperatures is shown in Fig. 1(a) . When the carbonized temperature is 1000 ∘ C the sample has a minimum bow of about 40 µm. The FWHM of SiC(111) peak at different carbonization temperatures is shown in Fig. 1(b) . The results indicate that when the carbonized temperature is 1000 ∘ C The FWHM of SiC(111) peak is the lowest, which shows that the crystallinity quality of the sample is the best.
The curvature profiles at different carbonized times are shown in Fig. 2(a) and the FWHM of SiC(111) peak at different carbonization temperature is shown in Fig. 2(b) . The results show that when the carbonized time is 5 min, the curvature of the film is minimum and the FWHM of SiC(111) peak is the lowest.
Also it has been found that there is a corresponding relation between curvature profiles and FWHM. The curvature of the sample is smaller when the value of FWHM is smaller, which shows the curvature of the wafer reduces when the crystalline quality improves. Properly carbonized temperature and carbonized time can improve the crystalline quality, meanwhile the intrinsic mismatch strain will increase. It will compensate for the thermoelastic strain and reduce the residual strain. The sample was obtained with the lowest residual strain and the best crystalline quality when the carbonized temperature was 1000 ∘ C and the carbonized time was 5 min. Fig. 3 . XRD spectrum of 3 µm 3C-SiC films when the carbonized temperature is 1000 ∘ C, the carbonized time is 5 min.
The XRD result of 3 µm 3C-SiC film deposited on Si (111) substrates with the optimized carbonized conditions is shown in Fig. 3 . Two peaks at 35.6 ∘ and 75.4
∘ in the spectrum are corresponding to SiC (111) and (222) crystal planes, which are parallel to the Si(111) substrate. This indicates that the SiC film is highly textured (111) orientation structure. This is attributed to the low free surface energy of (111) facets that form on the Si (111) substrates. The FWHM of SiC (111) Figure 4 shows the curvature profiles and the XRD spectrum of about 15 µm thick 3C-SiC layers grown under optimized carbonized conditions. It can be seen from the curvature shown in Fig. 4(a) that the curvature of the epilayer is about 115 µm, which is at a low level compared to its thickness. The XRD result of thick 3C-SiC film is shown in Fig. 4(b) . Two peaks at 35.6 ∘ and 75.4 ∘ are corresponding to SiC (111) and SiC (222) crystal planes. The FWHM of SiC (111) peak is 0.2064 ∘ . It indicates that the crystalline quality has been improved with the growth time increasing. Figure 5 shows the surface and the cross section SEM morphology of the thick 3C-SiC film. It can be seen from Fig. 5(a) that good surface morphology of the 3C-SiC epilayer is on the Si substrate. In Fig. 5(b) , the two-layer structure of the SiC film and Si substrate can be clearly observed. The thickness of the SiC film is 14.8 µm. In the growth process, the growth rate of about 3 µm/h is adopted. This is a reasonable growth rate for SiC growth with good crystalline quality. In summary, the effects of different carbonized conditions on the final residual strain and the crystalline quality of 3C-SiC films have been investigated. Results show that the residual strain reduces when the crystalline quality improves. The best carbonized temperature is 1000 ∘ C and the best carbonized time of carbonization is 5 min. Under these optimized carbonization conditions, a thick epitaxial film of about 15 µm with good crystalline quality and low residual strain has been obtained.
